In a study of mammalian ribonuclease evolutionary rates, we applied the FitchBruschi correction to reduce the bias caused by an unequal sampling of taxa in different lineages. The correction was clearly appropriate but only up to a point. The analysis showed that the sampling of taxa within the pecora was sufficiently intense that no correction for unseen, amino acid-changing, nucleotide substitutions was required. It was also found that the ribonuclease gene was duplicated at least twice at the origin of the pecoran branch of the artiodactyls.
Introduction
It has long been appreciated that parsimony procedures undercount the number of events that led to divergence of homologous gene products, and several efforts have been made to estimate the total from the number observed. The earliest was the Poisson correction of Jukes and Cantor ( 1969) , who assumed that the substitutions were randomly distributed over the gene. This assumption is clearly violated much of the time (Fitch and Markowitz 1970; Shoemaker and Fitch 1989) . For some questions it is not necessary to know the total number of substitutions, only to know that there is no methodological bias in their distribution among the branches of the tree. Molecular-clock / uniform-rate questions fall into this category. In this vein, Goodman et al. ( 1974) adopted a heuristic technique that used the observed excess of phyletic (tree) distance over pairwise differences in the closer parts of the tree to minimally increase the parsimonious length of longer branches. Langley and Fitch ( 1974) provided a second method. Most recently, Fitch and Bruschi ( 1987) provided a very simple method of correcting the observed change, based on the most parsimonious tree's ability to provide information on the number of new substitutions observed for every new node added to the tree. The method does not claim to estimate the total well but does claim to reduce the inequality of rates on different branches as a result of a nonrandom sampling of divergent lineages. While the method is simple, it makes the assumption that one has not already observed all of the substitutions. In the present paper we present a case where that assumption almost certainly fails. The occurrence of that failure brings with it a method of detecting that failure and a simple way of adjusting the procedure to provide the answers sought.
Data and Methods
Forty-one amino acid sequences of ribonuclease from 38 species of mammals were used. All but two are pancreatic, the other two being bovine brain and semen. The sequences of 39 of them in the alignment used here were published by Beintema et al. ( 1986) . The new sequences are those of the ox brain (Watanabe et al. 1988 ) and the spalax (Schtiller et al. 1989) and are readily aligned to the others.
The methods employed to obtain the phylogenetic tree were those of Fitch ( 197 1) and Fitch and Farris ( 1974) . The relative-rate correction was according to the method of Fitch and Bruschi ( 1987) .
Results
The analysis, using all the procedures including an alteration of the Fitch and Bruschi correction, gives the final tree shown in figure 1. The new sequences induce a few changes from the most recent previous phylogenetic study of ribonucleases (Beintema et al. 1986 ). Previously, joining casiragua first with coypu and then with chinchilla was equally parsimonious with joining it first with chinchilla and then with coypu, and so the former tree was depicted because that branching pattern more closely corresponds to the usual classification. In the present study the latter was more parsimonious. In the work of Beintema et al. ( 1986) ) the reindeer was grouped with the other deer to agree with the usual classification-but at a cost of an extra nucleotide substitution. Here it is shown as it would have been had the most parsimonious tree been depicted. The spalax sequence, which is new, becomes the sister taxon of the other myomorphs, which is conventional. The new paralogous bovine brain sequence joins to the bovine seminal sequence at a point indicating that the ribonuclease gene duplicated at least two times at approximately the origin of the pecorans.
The tree shows the sequence of the goat ribonuclease to have descended unchanged from the form it had in the ancestor of the bovids. That ancestor is an unresolved trichotomy. The tree also shows the topi ribonuclease to have descended unchanged from the form it had in the ancestor of the bottom nine taxa. Moreover, that ancestor is an unresolved pentachotomy. Thus, depending on how these polychotomies are resolved, there are possibly 3 X 105 = 3 15 trees of the same length as this one, 554 nucleotide substitutions. As there are > 10 58 unrooted, tip-labeled, strictly bifurcating trees with 4 1 tips, 3 15 should not, perhaps, be considered to be exceptionally poor resolution.
Some of the branches have a length that is the sum of two numbers, the second of which is the Fitch-Bruschi correction. It can readily be seen that the correction has done its job in that, except for myomorphs, all the taxa are between 63 (horse and capybara) and 76 (cuis, whale, and ox brain) nucleotide substitutions from the penultimate ancestral node where the marsupial kangaroo outgroup roots the placental mammals. In the absence of the correction, again excluding the myomorphs (murids frequently seem to be evolving faster than other mammals; see, e.g., Wu and Li 1985 ) , the distances from the penultimate node range from 19 (sloth) to 76 (ox brain). Thus the upper value is no longer 400% larger than the lower but only 2 1% larger.
The manner in which the Fitch-Bruschi correction is estimated is shown in the plot of the uncorrected distances from the penultimate node versus the number of intervening nodes (fig. 2) . The slope of the line shows that in this tree, for each additional node up to nine, there is an increase of six in the number of substitutions. This determined the correction applied. Because the slope ceases thereafter, applied to those sequences with nine or more intervening nodes.
it was not

Discussion
As a result of the correction for unequal sampling of taxa among lineages, the branch tips are more nearly of the same distance from the root, as should be the case. Thus one is not likely to conclude that rates are unequal merely as a consequence of sampling a different number of taxa in the two lineages being compared. Consequently, significant differences that remain should be more believable.
The uncorrected distances show that, since the common ancestor of mouse and rat, the 35 amino acid-changing nucleotide substitutions are divided 9 and 26 between the two lineages; the x2 value is minimized if we set the expected division at 17.5 substitutions each. Nevertheless, the x2 value is still 8.2, which, for 1 degree of freedom, has P < 0.005. If the corrected substitutions are used, the split is 12 and 29, with an expected division at 20.5, XT = 7.0, and P < 0.009-a still significant difference in rate in this gene in the two lines.
Another interesting rate difference is between the myomorph (e.g., mouse) and the hystricomorph (e.g., guinea pig and chinchilla) rodents. All five myomorph tips are farther from the root than are any of eight hystricomorph tips. The probability, if these were independent events, would be 2( 5!) 8!/ 13! = 0.00 16. Unfortunately, the events are not independent, and it is not clear how much of this low value is attributable to that dependency. Figure 2 shows that the usual increasing distance between organisms as the number of intervening nodes increases comes to an abrupt halt after nine intervening nodes. This has not been observed before. Indeed, for the region of the graph from 9 to 16 intervening nodes, there is virtually no significant slope to the best-fitting straight line. This is what one would expect if all the nucleotide substitutions (those that changed the amino acids; remember these were amino acid sequences) were being caught by the parsimony procedure. In any event, the slope of zero demands that no correction be made for those points-and none was. Is there evidence that substantially all changes among the pecorans are being detected? We believe so. The detected changes in any one branch are so few that the probability that a second change had occurred in the same position as the first change is very small. The average number of changes between nodes is only 2.3 substitutions among these 17 pecorans (bovids, pronghorn, giraffe, and deer fig. 1 (except for the outgroup red kangaroo) against the number of intervening nodes between the penultimate node and the tips. The line is a fit to the circles. A square (W) denotes the rat sequence; the triangles (A) denote the bottom 17 sequences of fig. 1 (fallow deer to swamp buffalo). The slope of the line is 6 substitutions/ node and led to correcting distances in fig. 1 by 6 for every node ~9 between the penultimate node and the tip, according to the method of Fitch and Bruschi ( 1987). at which a nucleofide substitution might cause an amino acid change is -124 X 2.5 = 3 10. Not all of those sites will tolerate a change, but even if the variable positions are only 75% of that number, the frequency of substitution is still only 0.01 substitutions/variable site, so that one would expect multiple substitutions at these variable sites to be negligible. Fitch ( 1980) estimated the covarion number of RNAse as 77. If most of the covarion positions remained variable during the pecoran evolution, a similar rate estimate is obtained. If there were turnover among the covarions, an even smaller number of covarions would give this low rate and, hence, negligible numbers of substitutions.
Thus the Fitch-Bruschi correction procedure, although not necessarily applicable to all data sets, appears to be somewhat more general than might have been thoughtin that problems of the branching being so dense that the correction should not apply are ameliorated in that those conditions are apparent, at least if they occur in sufficient numbers and in a group. A single short branch is not readily recognized as being equivalent to reducing the number of intervening nodes by one. A study of how to make such corrections is in progress, but it is a subtle problem in that the procedure, in making use of the plot of nodes versus substitutions, is saying that this relationship would not be linear if the clock were not at least crudely uniform over the taxa studied. Once one tries for secondary correction, one is in danger of answering a different question, viz., "How many substitutions should be added to each branch to make the clock perfect?"-not "How many substitutions have we missed?" To have corrected the pecorans by the slope in the others would have made them appear to have evolved faster than the others when they had not. Going to the other extreme would destroy the unequal rates between mice and rats.
